MASK FOR SCREEN PRINTING, 
THE METHOD FOR PRODUCING SAME AND CIRCUIT BOARD 
PRODUCED BY SCREEN PRINTING WITH SUCH MASK 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a mask for screen 
printing (screen mask) including a positive pattern section 
and a negative pattern section for transferring a printing 
ink material to a substrate via mesh openings disposed on 
the positive pattern section. The present invention also 
relates to a method for producing such a screen mask, and a 
circuit board including a wiring pattern having at least a 
capacitor element, the wiring pattern being formed by screen 
printing. 

Description of the Related Art: 

In general, the screen printing resides in a printing 
method based on the use of a screen mask comprising a mesh 
stretched over a frame, the screen mask including mesh 
openings of a negative pattern section, the mesh openings 
being closed by resin or the like (for example, a 
photosensitive emulsion film). In this method, a squeegee 
is allowed to slide on the upper surface of the screen mask 
so that an ink material is extruded toward the substrate 
through mesh openings of a positive pattern section of the 
screen mask to perform printing. 

The screen printing makes it possible to perform 



printing on a variety of printing materials such as paper, 
cloth, plastic, glass, and metal, because the screen mask is 
soft and flexible, and the printing pressure is small. The 
screen printing also makes it possible to form a thick 
5 pattern composed of an ink material. Therefore, the screen 

printing is also applied to produce electronic parts such as 
thick film IC (hybrid IC), printed circuit boards, 
resistors, and capacitors. 

Usually, the screen mask is manufactured such that a 
photosensitive emulsion film applied on a mesh is subjected 
fr to pattern formation by means of the photolithography 

•i! technique. Alternatively, the screen mask is manufactured 

;2 such that a metal film is subjected to selective etching to 

form a mesh pattern by means of the photolithography 
is technique . 

H For example, the portion, at which the ink material is 

is* formed on the substrate through the mesh, forms a desired 

pattern. The portion corresponding to the photosensitive 
emulsion film formed on the mesh, or the portion 

20 corresponding to the non-mesh portion of the metal film 

forms a gap between the pattern. 

In such a process, the mesh opening of the screen mask 
is about 100 \xm even in the case of the fine type. For 
example, an emulsion film, which has a width of not more 

25 than 40 ixm, is insufficiently supported by the mesh. 

Therefore, it is feared that such an emulsion film formed on 
the mesh is incapable of enduring the force applied by the 
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sliding movement of the squeegee, and it is disengaged from 
the mesh. 

The screen mask based on the metal film is originally 
insufficient in strength of the metal film. When the width 
5 of the non-mesh portion is not more than 80 p f such a 

screen mask is incapable of enduring the force applied by 
the sliding movement of the squeegee. 

In other words, the conventional techniques involve the 
following problem. That is, even when it is intended to 
2M form a gap of not more than 40 \xm between the pattern by 

j 1 ; 1 means of the one time of screen printing, it is difficult to 

0} form such a gap, because of the shortage of the holding 

*-B force of the emulsion film and the strength of the metal 

film of the screen mask. 
15| A method is conceived, in which the gap between the 

; y pattern is made to be not more than 40 (im by performing the 

2 screen printing several times in a divided manner. However, 

in such a method, a large dispersion of not less than 10 % 
arises in the difference between the film thickness of a 
20 pattern formed by an odd-numbered screen printing process 

and the film thickness of a pattern formed by an even- 
numbered screen printing process. For example, when the 
patterns .are wiring patterns, any dispersion arises in the 
electric characteristic between these wiring patterns. 
25 Consequently, a new problem possibly arises in that it is 

impossible to obtain a desired device characteristic. 
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SUMMARY OF THE INVENTION 
The present invention has been made taking such 
problems into consideration, an object of which is to 
provide a screen mask which makes it possible to obtain a 
5 gap between the pattern formed by one time of screen 

printing, the gap being not more than 40 jxm, and which makes 
it possible to form a fine pattern by using inexpensive 
screen printing. 

Another object of the present invention is to provide a 
iCI method for producing a screen mask with ease, in which the 

=0 screen mask makes it possible to obtain a gap between the 

01 pattern formed by one time of screen printing, the gap being 

• ; ff not more than 40 jam . 

Still another object of the present invention is to 
iCi provide a circuit board in which a gap between the pattern 

;jj formed by screen printing is not more than 40 [xm. 

Jf The present invention lies in a screen mask for screen 

printing including a positive pattern section and a negative 
pattern section with a mask material formed on the negative 
20 pattern section, for transferring a printing ink material to 

a substrate via openings of a mesh disposed at the positive 
pattern section, wherein the negative pattern section of the 
mesh selectively has a mesh opening ratio which is smaller 
than an opening ratio of the positive pattern section. 
25 When the mesh opening ratio of the negative pattern 

section is decreased, then the width of each mesh of the 
negative pattern section is widened, and the contact area 
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between the mask material and the mesh is increased. 
Accordingly, for example, it is possible to sufficiently 
hold a mask material which has a width of not more than 40 

As a result, the mask material, which is formed on the 
mesh, is sufficiently endurable to the force applied by the 
sliding movement of a squeegee during the screen printing. 
Thus, the mask material is not disengaged from the mesh. 
This results in the high reliability and the narrow width of 
the pattern gap formed by the screen printing. The width of 
the gap, which is formed on the substrate by the negative 
pattern section, can be made to be not more than 40 \un. In 
other words, it is possible to form a fine pattern by using 
the inexpensive screen printing. Thus, it is possible to 
greatly reduce the production cost for forming the pattern. 

In this arrangement, it is also preferable that a 
plating layer is formed on the mesh of the negative pattern 
section so that the mesh opening ratio of the negative 
pattern section is decreased. It is preferable that the 
plating layer has a thickness of 1 to 20 jjm f for example, in 
view of the plating treatment time and the holding force of 
the emulsion film. 

In another aspect, the present invention lies in a 
screen mask for screen printing including a positive pattern 
section and a negative pattern section, for transferring a 
printing ink material to a substrate via openings of a mesh 
disposed at the positive pattern section, wherein the 



negative pattern section has a mesh opening ratio of zero. 

That is, the screen mask has a form in which the 
negative pattern section is completely closed. Therefore, 
it is unnecessary to form any mask material on the negative 
pattern section, and it is possible to simplify the 
production steps. Further, it is unnecessary to consider, 
for example, the disengagement of the mask material. 
Therefore, it is possible to achieve the high reliability 
and the narrow width of the pattern gap obtained by the 
screen printing. The width of the gap, which is formed on 

0 the substrate by the negative pattern section, can be not 
P more than 40 \aa. 

1 In this arrangement, it is also preferable that the 
mesh opening ratio of the negative pattern section is made 

Js to be zero by forming a plating layer on the mesh of the 

negative pattern section. 

3 In s tin another aspect, the present invention lies in 

a method for producing a screen mask for screen printing 
including a positive pattern section and a negative pattern 

20 section with a mask material formed on the negative pattern 

section, for transferring a printing ink material to a 
substrate via openings of a mesh disposed at the positive 
pattern section, wherein a plating treatment is selectively 
applied beforehand to the mesh of the negative pattern 

25 section so that the negative pattern section has a mesh 

opening ratio which is smaller than an opening ratio of the 
positive pattern section. 
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Accordingly, the width of each mesh of the negative 
pattern section is widened, and the contact area between the 
mask material and the mesh is increased. Therefore, for 
example, it is possible to sufficiently hold a mask material 
having a width of not more than 40 jxm. 

As a result, it is possible to consequently obtain the 
high reliability and the narrow width of the pattern gap 
formed by the screen printing. The width of the gap, which 
is formed on the substrate by the negative pattern section, 
can be made to be not more than 40 \m. 

In the method described above, it is also preferable 
that at least a surface of both surfaces of a screen, on 
which a squeegee makes sliding movement, is polished after 
the plating treatment to give a flatness. Alternatively, it 
is also preferable that a plating mask material is formed 
before the plating treatment on a surface of both surfaces 
of a screen, on which a squeegee makes sliding movement so 
that the plating layer is not formed on the surface. 

It is preferable that a plating layer is composed of a 
material which has a hardness lower than that of a screen so 
that the polishing treatment is easily performed. 

In still another aspect, the present invention lies in 
a circuit board comprising a pattern formed by screen 
printing, the pattern including at least one of a passive 
device such as a capacitor element and an active device such 
as an electromechanical conversion element, wherein a gap 
between the pattern is not more than 40 jxm. 
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In the present invention, it is also preferable that 
the pattern is formed by one time of screen printing . 

Conventionally, it is impossible to obtain a fine gap 
screen mask. Therefore, when a gap of not more than 40 \m 
5 is formed, it is indispensable to perform a plurality of 

times of screen printing. However, it is inevitable that a 
printing pattern obtained in the second time is not formed 
under the same printing condition as that for a printing 
pattern obtained in the first time. For this reason, it is 

lp difficult to obtain a uniform film thickness. 

:I On the contrary, in the present invention, the entire 

pattern can be formed by one time of screen printing. 

5 Therefore, it is possible to obtain a uniform film 

thickness. In this aspect, if it is assumed that a 

,i5 plurality of patterns are formed in an aligned manner, the 

2 difference between an average thickness of a pattern 

£ ' corresponding to a pattern assumed to be formed by an odd- 

numbered operation and an average thickness of a pattern 
corresponding to a pattern assumed to be formed by an even- 

20 numbered operation is not more than 5 % of an overall 

average thickne s s . 

, It is also preferable that the screen printing is 
performed by using a screen mask including a positive 
pattern section and a negative pattern section with a mask 

25 material formed on the negative pattern section, for 

transferring a printing ink material to a substrate via 
openings of a mesh disposed at the positive pattern section. 
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wherein the negative pattern section of the mesh selectively 
has a mesh opening ratio which is smaller than an opening 
ratio of the positive pattern section. 

It is also preferable that a plating layer is formed on 
the mesh of the negative pattern section of the screen mask* 
In this arrangement, it is preferable that the plating layer 
has a thickness of 1 to 20 pm. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a plan view illustrating a screen mask 
according to an embodiment of the present invention; 

FIG. 2 shows a plan view illustrating a pattern formed 
by using the screen mask according to the embodiment of the 
present invention ; 

FIG. 3 shows a longitudinal sectional view illustrating 
the pattern formed by using the screen mask according to the 
embodiment of the present invention; 

FIGS. 4A to 4C show steps (No. 1) illustrating a method 
for producing the screen mask according to the embodiment of 
the present invention; 

FIGS. 5A and 5B show steps (No. 2) illustrating the 
method for producing the screen mask according to the 



embodiment of the present invention; 

FIGS. 6A and 6B show steps (No. 3) illustrating the 
method for producing the screen mask according to the 
embodiment of the present invention; 

FIGS. 7A to 7D show steps illustrating the process 
operation performed when the screen printing (for example, 
flatbed printing) is carried out by using the screen mask 
according to the embodiment of the present invention; 

FIG. 8A illustrates a state in which only one surface 
of a mesh is polished; 

FIG. 8B illustrates a state in which an emulsion film 
is formed at a negative pattern section; 

FIG. 9A illustrates a state in which one surface of a 
mesh is coated with a masking film before the plating 
treatment ; 

FIG. 9B illustrates a state in which the plating 
treatment has been applied; and 

FIG. 10 illustrates a state in which openings of a 
negative pattern section are closed with a plating layer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Illustrative embodiments of the screen mask, the method 

for producing the same, and the circuit board according to 

the present invention will be explained below with reference 

to FIGS. 1 to 10. 

As shown in FIG. 1, a screen mask 10 according to the 

embodiment of the present invention is a screen mask for 



screen printing, comprising a positive pattern section 14 
and a negative pattern section 16 formed on a mesh 12. A 
photosensitive emulsion film 18 (see FIG. 6B) , which serves 
as a mask material, is formed on the negative pattern 
section 16. An ink is transferred to a substrate via mesh 
openings 20 of the positive pattern section 14. 

Especially, the screen mask 10 according to this 
embodiment is constructed such that the negative pattern 
section 16 of the mesh 12 selectively has a mesh opening 
ratio which is smaller than a mesh opening ratio of the 
positive pattern section 14. Specifically, the mesh opening 
ratio of the negative pattern section 16 is made small by 
forming a plating layer 22 (see FIG. 6B) on the mesh 12 of 
the negative pattern section 16. 

For example, when the screen printing is applied to a 
substrate such as a ceramic substrate by using the screen 
mask 10 shown in FIG. 1, a pattern P is formed as shown in 
FIG. 2, in which projections having a rectangular planar 
configuration with rounded corners are arranged in a matrix 
form. 

The ink to be used for the screen printing may be 
embodied by a paste for producing a shape -retaining layer 
such as a piezoelectric/electrostrictive layer and an anti- 
ferroelectric layer. In this case, as shown in FIG. 3, for 
example, it is possible to construct a circuit board 32 
arranged with actuator elements 30 each composed of an 
electromechanical conversion element to equivalently 
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function as a capacitor element. 

The circuit board 32 has a substrate 34 which is 
composed of, for example, a ceramic material . The actuator 
elements 30 are arranged on the substrate 34, for example, 
in a matrix form. The substrate 34 is provided with hollow 
spaces 38 for forming vibrating sections 36 at positions at 
which the actuator elements 30 are formed respectively. 

The portion of the substrate 34, at which the hollow 
space 38 is formed, is thin- walled. The other portion of 
the substrate 34 is thick- walled. The thin -walled portion 
has a structure which tends to undergo vibration in response 
to external stress, and it functions as the vibrating 
section 36. The portion other than the hollow space 38 is 
thick-walled, and it functions as a fixed section 40 for 
supporting the vibrating section 36. 

Each of the actuator elements 30 includes the vibrating 
section 36 and the fixed section 40, as well as a shape- 
retaining layer 42 such as a piezoelectric/electrostrictive 
layer and an anti-ferroelectric layer formed directly on the 
vibrating section 36, and a pair of electrodes 44 (row 
electrode 44a and column electrode 44b) formed on the upper 
surface of the shape-retaining layer 42. The actuator 
element 30 makes upward or downward displacement by applying 
a predetermined voltage to the pair of electrodes 44. FIG. 
3 is illustrative of a case in which the actuator element 30 
is displaced upwardly. 

Next, a method for producing the screen mask according 



to the embodiment of the present invention will be explained 
with reference to FIGS- 4A to 6B. 

At first, as shown in FIG. 4A, for example, a 
commercially available stainless mesh for screen, which has 
an ordinary mesh 12, is prepared. 

Subsequently, as shown in FIG. 4B, a photoresist film 
50 is formed on the entire surface, followed by performing a 
selective etching treatment to expose the mesh 12 at 
portions corresponding to the negative pattern section 16. 

After that, as shown in FIG. 4C, a plating treatment is 
applied to form a plating layer 22 having a thickness t of 
about 1 to 20 yua on the mesh 12 at the portions 
corresponding to the negative pattern section 16. 

Subsequently, as shown in FIG. 5A, the remaining 
photoresist film 50 is removed by etching to expose the 
entire mesh 12. 

After that, as shown in FIG. 5B, both surfaces of the 
mesh 12 is subjected to buffing so that the part of the 
plating layer 22 protruding from the both surfaces of the 
mesh 12 is removed to be flat. 

Subsequently, as shown in FIG. 6A, a photosensitive 
emulsion film 18 is formed on one surface of the mesh 12, 
and then the negative pattern section 16 is selectively 
subjected to exposure by using a mask 52 to solidify the 
emulsion film 18 at portions corresponding to the negative 
pattern section 16. 

Finally, as shown in FIG. 6B, a development treatment 
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is performed to remove the part of the emulsion film 18 
which is not solidified. Thus, the screen mask 10 is 
completed, in which the mask material (emulsion film) 18 is 
formed on the negative pattern section 16. 

Next, explanation will be made for the process 
operation performed when the screen printing (for example, 
flatbed screen printing) is performed by using the screen 
mask 10 according to the embodiment of the present 
invention. 

At first, as shown in FIG, 7, a substrate 34 is placed 
and fixed on a printing base 60. After that, a frame 64 of 
the screen mask 10 is rotatably fixed to a support section 
62 which is provided on the printing base 60. A holding 
adjusting mechanism included in the support section 62 is 
adjusted to position the screen mask 10 and the substrate 
34. 

Subsequently, as shown in FIG- 7B, an ink 66 (paste for 
forming the shape -retaining layer 42) is supplied to the 
entire surface of the screen mask 10, and then a squeegee 68 
is allowed to slide on the screen mask 10 under a pressure. 
The sliding movement of the squeegee 68 allows the ink 66 to 
advance toward the substrate 34 through the mesh openings 20 
of the positive pattern section 14 of the screen mask 10. 

As shown in FIG. 7C, a pattern in conformity with the 
shape of the positive pattern section 14, for example, the 
pattern P including a large number of rectangular shape - 
retaining layers 42 arranged in the matrix form as shown in 
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FIG. 2 is formed on the substrate 34 at the stage of 
completion of the printing. 

During this process, the ink 66 is separated in a well- 
suited manner through the mesh openings 20 of the positive 
pattern section 14 by allowing the squeegee 68 to make the 
sliding movement while lifting the frame 64 corresponding to 
the support section 62. Especially, in the embodiment of 
the present invention, the emulsion film 18 is formed on the 
mesh 12 of the negative pattern section 16. Therefore, the 
edge of the pattern P formed on the substrate 34 is sharp. 
Thus, it is possible to form the pattern P highly accurately 
in accordance with the designed pattern. 

After the completion of the printing, the squeegee 68 
is separated from the screen mask 10 as shown in FIG. 7D, 
and the substrate 34 is detached from the printing base 60. 
Subsequently, a flooding plate 70 is moved downwardly, and 
it is allowed to slide toward the support section 62 to 
perform flooding. 

The desired pattern P is screen-printed on a large 
number of substrates 34 by repeating the series of 
operations described above. 

As described above, in the screen mask 10 according to 
the embodiment of the present invention, the plating layer 
22 is selectively formed on the mesh 12 of the negative 
pattern section 16 so that the mesh opening ratio of the 
negative pattern section 16 is smaller than the mesh opening 
ratio of the positive pattern section 14. Therefore, the 



width of each mesh 12 of the negative pattern section 16 is 
widened to increase the contact area between the mesh 12 and 
the emulsion film 18 as the mask material. Thus, it is 
possible to sufficiently hold the emulsion film 18 having 
the width d (see FIG* 6B) which is, for example, not more 
than 40 \*m. 

As a result, the emulsion film 18, which is formed on 
the mesh 12, is sufficiently endurable to the force which is 
applied due to the sliding movement of the squeegee 68 
during the screen printing. Thus, the emulsion film 18 is 
not disengaged from the mesh 12. This results in the high 
reliability and the narrow width of the pattern gap formed 
by the screen printing. The width g of the gap (see FIG. 2) 
of the pattern P (pattern of the shape-retaining layer 42), 
which is formed on the substrate 34 by the negative pattern 
section 16, can be not more than 40 ym. 

The thickness of the plating layer 22 is preferably 1 
to 20 pm, considering, for example, the plating treatment 
time and the holding force of the emulsion film 18. 

Especially, in the screen mask 10 and the method for 
producing the same according to the embodiment of the 
present invention, the both surfaces of the mesh 12 are 
polished after the plating treatment to give the flatness . 
Accordingly, the presence of the plating layer 22 causes no 
problem at all on the sliding movement of the squeegee 68. 
Therefore, it is preferable that the plating layer 22 is 
composed of the material which has a hardness lower than 
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that of the mesh 12 and which is easily polished. 

The foregoing embodiment is illustrative of the case in 
which the pattern with the gap g of not more than 40 \xm is 
formed by one time of screen printing. It is a matter of 
course that a pattern with a gap g of not more than 40 \xm is 
formed by a plurality of times of screen printing. 

Conventionally, it is impossible to obtain a fine gap 
screen mask. Therefore, when a gap of not more than 40 \xm 
is formed, it is indispensable to perform a plurality of 
times of screen printing. However, it is inevitable that a 
printing pattern obtained in the second time is not formed 
under the same printing condition as that for a printing 
pattern obtained in the first time. For this reason, it is 
difficult to obtain a uniform film thickness. 

On the contrary, in the present invention, the entire 
pattern can be formed by one time of screen printing. 
Therefore, it is possible to obtain a uniform film 
thickness. In the case of the present invention, if it is 
assumed that a plurality of patterns are formed in an 
aligned manner, the difference between an average thickness 
of a pattern corresponding to a pattern assumed to be formed 
by an odd- numbered operation and an average thickness of a 
pattern corresponding to a pattern assumed to be formed by 
an even-numbered operation can be not more than 5 % of an 
overall average thickness . 

As a result, when the pattern P formed by the screen 
printing is a wiring pattern equivalently having a capacitor 



element as shown in FIGS. 2 and 3, then no dispersion arises 
in electric characteristic of the element pattern, and it is 
possible to obtain a desired device characteristic. 

In the foregoing embodiment, the both surfaces of the 
mesh 12 are polished. Alternatively, as shown in FIG. 8A, 
only the surface, on which the squeegee 68 makes the sliding 
movement, may be polished to give a flatness to the 
concerning surface. In this case, as shown in FIG. 8B, when 
the emulsion film 18 is formed on the negative pattern 
section 16, the contact area between the plating layer 22 
and the emulsion film 18 is greatly increased. Further, the 
emulsion film 18 can be tightly held owing to the anchoring 
effect brought about by the shape of the plating layer 22. 

In the foregoing embodiment, the plating layer 22 are 
formed on the both surfaces of the mesh 12 of the negative 
pattern section 16. Alternatively, as shown in FIG. 9A, one 
surface of the mesh 12 (surface on which the squeegee 68 
makes the sliding movement) is previously coated with a 
masking film 72 before the plating treatment. By doing so, 
the plating layer 22 is not formed on the surface for the 
sliding movement of the squeegee 68, of the mesh 12 of the 
negative pattern section 16, in the plating treatment 
performed thereafter as shown in FIG. 9B. Thus, it is 
possible to shorten the time required for the polishing 
treatment to be performed thereafter. 

In the foregoing embodiment, the plating layer 22 is 
formed in a thickness of about 1 to 20 [a on the mesh 12 of 
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the negative pattern section 16 so that the mesh opening 
ratio of the negative pattern section 16 is smaller than the 
opening ratio of the positive pattern section 14. 
Alternatively, as shown in FIG, 10, the openings of the 
negative pattern section 16 may be completely closed with 
the plating layer 22. That is, the mesh opening ratio of 
the negative pattern section 16 may he zero. 

In this case, the negative pattern section 16 is in the 
state of being completely closed. Therefore, it is 
unnecessary to form the mask material (emulsion film 18) on 
the negative pattern section 16, and hence it is possible to 
simplify the production steps. Further, it is unnecessary 
to consider, for example, the disengagement of the mask 
material (emulsion film 18). Therefore, it is possible to 
achieve the high reliability and the narrow width of the 
pattern gap obtained by the screen printing. The width g of 
the gap, which is formed on the substrate 34 by using the 
negative pattern section 16, can be not more than 40 yon. 

The embodiment described above is illustrative of the 
case in which the actuator element 30 having the shape- 
retaining layer 42 is formed on the substrate 34 by means of 
the screen printing. Alternatively, for example, the 
present invention is. also applicable to a case in which 
metal wiring is formed on a substrate. 

It is a matter of course that the screen mask, the 
method for producing the same, and the circuit board 
according to the present invention are not limited to the 
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embodiments described above, which may be embodied in other 
various forms without deviating from the gist or essential 
characteristics of the present invention. 
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